This research analyzed the effect of processing (boiling and roasting) on the proximate, antinutrient, and mineral composition of Vigna subterranea seeds. The proximate composition analysis showed significant difference ( < 0.05) between the levels of crude lipid, crude fiber, gross energy, carbohydrate, and moisture content in the raw and processed V. subterranea. However, no significant difference ( < 0.05) was observed in protein content of processed V. subterranea as compared to the raw seeds. Analyses of antinutrient composition show that processing significantly reduced the levels of oxalate, tannins, phytate, trypsin inhibitor, and hydrogen cyanide contents of V. subterranea. While magnesium, potassium, and phosphorus were the most abundant macrominerals in V. subterranea, zinc was the most abundant micromineral. Correlation analysis revealed that the levels of crude protein, ash, moisture, and lipid were negatively affected by phytate, tannins, and oxalate. The results, therefore, suggest that processing significantly lowered the levels of antinutrients in V. subterranea, thereby making it safer for consumption.
Introduction
Vigna subterranea L. (Bambara groundnut) is a pulse with subterranea fruit set and is cultivated by small farm holders over much of semiarid Africa [1] . It is a legume species of African origin [2] and is widespread south of the Sahara [3] . Food legumes have a major role to play in the fight against malnutrition. Legumes serve as a source of protein to a large proportion of the population in poor countries of the world by being the least expensive and easily stored and a transported nonprocessed protein source for rural and urban dwellers [4] . The high carbohydrate (65%) and relatively high protein (18%) content of V. subterranea make it a complete food [5] . It is therefore necessary that their levels of consumption, which are already too low in a number of developing countries, be increased [2] .
In Nigeria, V. subterranea is processed through various processing techniques like boiling, roasting, and frying. In some parts of the country, the seeds are often crushed into flour, to prepare local dishes like "alele, " "alelen ganye, " "danwake, " "gauda, " "kosai, " "kunu, " "tuwo, " and "waina" [6] . In other parts, dried V. subterranea seeds are made into paste and used in the preparation of various fried or steamed products, such as "akara" and "moin-moin" [7] , while the fresh immature seeds are eaten raw in some parts of the country. One favorite Nigerian dish made from V. subterranea is "okpa, " which is a doughy paste that is wrapped and steamed in banana leaves. The different processing techniques utilized often have varied effects on the bioavailability of the nutrients because the degree at which nutrients are lost differs from one processing technique to the other.
2 Journal of Food Processing V. subterranea (Bambara groundnut) is a promising commodity which needs more research works to be carried on, both in its raw and processed state. In tropical Africa, very few people in the forest zones are aware of its nutritional benefits. Investigating the effect of processing on the nutritional and the antinutritional components of V. subterranea will help to increase the awareness of not only this crop but also its nutritional capabilities. In view of the numerous useful attributes of V. subterranea both in terms of its nutritional composition and its ability to resist harsh weather conditions like drought, it is necessary to carry out researches that will help to optimize its benefits especially in Africa where malnutrition occurrences are on the high side.
Materials and Methods

Collection and Identification of Vigna subterranea. The
Bambara groundnuts (Vigna subterranea) seeds were obtained from local farmers in Fadan Ninzo, Randa, and Gwantu villages, in Sanga Local Government Area of Kaduna South, Kaduna State, North-West Nigeria. The nuts were obtained in September, 2011, identified, and authenticated at the Herbarium unit of the Department of Biological Sciences, Ahmadu Bello University, Zaria, where a voucher number 1321 was deposited. The fresh seeds were divided into two categories: unprocessed (raw) and processed (boiled and roasted).
Raw (Unprocessed) Vigna subterranea. Fresh
Vigna subterranea seeds were thoroughly cleaned and foreign materials as well as broken and immature seeds were removed. The clean seeds were shade-dried for three (3) consecutive days to a constant weight at room temperature (25-30 ∘ C). The dry seeds were pulverized to fine powder using the laboratory mill (SPI Supplies PA, USA) and stored in an air-tight container at 4-6 ∘ C until used.
Processing Techniques
Boiling.
A set of Bambara groundnut seeds (100 g) was boiled in distilled water (100 ∘ C) in a seed to water ratio of 1 : 10 (w/v) for 3 hrs 48 min. This is the established time frame known for it to be ready as practiced by the locals. After boiling, the water was drained off and the boiled seeds were mashed into paste using a ceramic mortar and then stored in an air-tight container at 4-6 ∘ C until used.
Roasting.
A second set of the Bambara groundnut seeds (100 g) placed on a frying pan was roasted for 1 hr using firewood with temperature at about 300 ∘ C as practiced by the locals. Thereafter, the roasted seeds were pulverized to fine powder using the laboratory mill (SPI supplies PA, USA) and then stored in an air-tight container at 4-6 ∘ C until used.
Proximate Analysis.
The moisture contents of raw and processed Bambara groundnut seeds were determined after drying at 105 ∘ C according to the method of InduharaSwamy et al. [8] . Micro-Kjeldahl method was employed in determining the total nitrogen and the crude protein (N × 5.95). Crude lipid was extracted with petroleum ether, using a Soxhlet apparatus, and determined based on method outlined in AOAC [9] . Ash contents (gravimetric) were also determined based on methods outlined in AOAC [9] . Total carbohydrate was calculated by difference, summing the percentage values of moisture, crude protein, ash, and crude fat (ether extract) and subtracting the sum from 100 [10] . Gross energy was calculated based on the formula by Eknayake et al. [11] :
Gross energy (kJ per 100 g dry matter)
= (crude protein × 16.7) + (crude lipid × 37.7) + (crude carbohydrates × 16.7) .
(1)
Nitrogen free extract (NFE) was calculated by difference as NFE = total carbohydrate − crude fiber.
(2) 2.5. Antinutrient Analysis. Alkaline Titration Method [12] was used for hydrogen cyanide analysis while the method of Reddy et al. [13] was used for phytate analysis. Trypsin inhibitory analysis was done using spectrophotometric method as described by Arntfield et al. [14] , while tannin analysis was carried out according to the method of Doss et al. [15] by taking the absorbance at 500 nm wavelengths. Oxalate determination was carried out based on the method of Leyva et al. [16] .
2.6. Mineral Analysis. Potassium, sodium, calcium, magnesium, manganese, phosphorus, copper, zinc, and iron in the processed and raw Bambara groundnut seeds were determined by an X-ray spectrometer (XRS) using a MiniPal 4 Version PW 4030 X-Ray Spectrometer (Perkin Elmer, Inc., USA). The samples were dried at 110 ∘ C until a constant weight was obtained. The dried samples were weighed and manually grinded using a mortar and a pestle (SPI supplies PA, USA). A binder (PVC dissolved in Toluene) was mixed with the sample to ensure that the sample is sufficiently thick enough to absorb the entire primary beam. This was followed by sieving the sample using a turbulent mixer which was aimed at homogenizing the samples. Pressure of about 7182 mmHg was applied to each sample mass of about 1.5 g to produce pellets of the samples. The pellets were loaded into the sample chamber of the X-ray spectrometer system. The spectrometer was operated at a maximum voltage of 30 kV. A maximum current of 1 mA was applied to produce the primary X-rays to excite the pellet. A preset time of 10 minutes (for each of the samples) was employed and an inbuilt Si (Li) detector was used for counting the secondary X-rays from the sample. The spectrum from the samples was analysed by a computer running a dedicated MiniPal Analytical Software.
Statistical Analysis.
All analyses were carried out in triplicate and results were expressed as mean ± SD. Analysis of variance (ANOVA) and the Pearson correlation coefficients were carried out using SPSS 17.0. A significant difference of 
Results and Discussion
3.1. Proximate Composition. The effect of processing (boiling and roasting) on the proximate composition of Bambara groundnut is presented in Table 1 . It shows that boiling and roasting had no significant ( < 0.05) effect on the values of crude and true proteins. Nitrogen-free extract and nonprotein nitrogen were, however, significantly ( < 0.05) reduced by boiling but significantly improved by roasting. Similarly, carbohydrate and gross energy content were significantly ( < 0.05) reduced by boiling but significantly improved by roasting. Lipid and crude fiber contents were significantly reduced by both boiling and roasting, with boiling causing a more significant reduction in lipid content than roasting. Ash content was not significantly ( < 0.05) affected by roasting but was significantly reduced by boiling while moisture content on the other hand was significantly improved by boiling but significantly reduced by roasting.
The value of proximate composition of raw Bambara Groundnut agrees with the finding of Brough et al. [17] . The slightly lower value of crude protein in boiled Bambara groundnut as compared to the raw and roasted form recorded in this research might be as a result of leaching of soluble proteins into cooking water. A similar observation was made by Adeparusi [18] when boiling Lima beans (Phaseolus lunatus L.). Bambara groundnut based on the result of this research makes a complete food, as it contains sufficient quantities of protein, carbohydrate, and fat. A similar observation has been reported by Oluyemi et al. [19] and Oliveira [20] .
Antinutrients.
The levels of oxalate, phytate, hydrogen cyanide, and trypsin inhibitors activities (TIA) (which were above the permissible limits in the raw Bambara groundnut) were hugely reduced significantly ( < 0.05) to permissible levels by both boiling and roasting ( Table 2 ) with boiling causing more significant reduction than roasting. Both processing methods, however, had the same significant ( < 0.05) reducing effect on the level of tannin.
The reduction in the trypsin inhibitors activities (TIA) of Bambara groundnut by the two processing techniques employed in this study agrees with the work of Walker and Kochhar [21] who recommended moist heat treatment as a means of reducing the amount of TIA in legumes below critical level. The reduction in phytate contents is in agreement with the work of Ene-Obong and Obizoba [22] who reported reduction of phytic acids in boiled Bambara groundnut by up to 74%. Phytates are known to reduce bioavailability of minerals; impair protein digestibility caused by formation of phytic-protein complexes; and hinder absorption of nutrients due to damage to the pyloric caeca region of the intestine [23] . Tannin contents of Bambara groundnuts also reduced by the processing methods employed agrees with the report of Adeparusi [18] and Nyachoti et al. [24] . Antinutritional effects of tannins include interference with the digestive processes either by binding enzymes or by binding to food components like proteins or minerals [25] . Tannins also have the ability to complex with vitamin B 12 [22, 26] . Journal of Food Processing Table 3 , boiling significantly ( < 0.05) reduced the percentage levels of calcium, cupper, and manganese and insignificantly reduced the percentage levels of potassium and iron. It, however, significantly ( < 0.05) improved the percentage levels of zinc, magnesium, and sodium but caused an insignificant ( > 0.05) improvement in the percentage level of phosphorus. Roasting, on the other hand, significantly ( < 0.05) improved the percentage levels of calcium, potassium, and phosphorus and insignificantly ( > 0.05) improved the percentage levels of sodium and magnesium. It, however, had a significant ( < 0.05) reducing effect on the percentage levels of cupper, manganese, and zinc and an insignificant ( > 0.05) reducing effect on the percentage levels of iron.
The percentage values of macrominerals recorded in this study agrees with earlier works by Agren and Gibson [27] . High content of macrominerals, especially zinc, 20.98%, in the boiled Bambara groundnut and magnesium, 65.30% and 67.67%, in boiled and roasted Bambara groundnut, respectively, is a plus to its nutritional quality. Table 4 showed the correlation matrix between nutritional and antinutritional components of raw Bambara groundnut in which there was a perfect positive relationship ( = 1.000 * ) significant at 0.05 level (2tailed) between carbohydrate and nitrogen-free extract and a near perfect positive relationship ( = 0.999 * ) significant at 0.05 level (2-tailed) between ash and lipid contents of the raw Bambara groundnut. A perfect negative relationship ( = −1.000 * ) significant at 0.05 level (2-tailed) was exhibited between true protein and nitrogen-free extract. Similarly, a perfect negative relationship was exhibited between phytate and ash content and also between true protein and carbohydrate content ( = −1.000 * * ), although their significance was at 0.01 level (2-tailed) . The relationship between phytate and lipid and that between crude fiber and moisture content were a near perfect negative relationship ( = −0.999 and = −0.997, resp.) significant at 0.05 level (2-tailed).
Correlation Analyses.
Correlations of nutritional and antinutritional components of boiled Bambara groundnut shown in Table 5 indicate a perfect positive relationship ( = 1.000 * ) significant at 0.05 level (2-tailed) between true protein and moisture content and a near perfect positive relationship between crude protein and true protein ( = 0.998 * ) and also between oxalate and gross energy both significant at 0.05 level (2-tailed). A near perfect negative relationship was observed between moisture and carbohydrate content ( = −0.999) significant at 0.05 level (2-tailed). Table 6 shows the correlations of nutritional and antinutritional components of roasted Bambara groundnut and indicates a perfect positive relationship ( = 1.000 * ) significant at 0.05 level (2-tailed) between carbohydrate and nitrogen-free extract and also between tannins and true protein. A near perfect positive relationship ( = 0.999 * ) significant at 0.05 level (2-tailed) was observed between crude protein and true protein. A similar relationship was also recorded between oxalate and carbohydrate ( = 0.997 * ) significant at 0.05 level (2-tailed).
The correlation analyses of raw Bambara groundnut indicate that phytate will negatively affect the mineral level (ash) of unprocessed Bambara groundnut and make some vital nutrients unavailable. However, this negative effect was reduced by both processing techniques. These findings are in agreement with earlier work by Ndidi et al. [28] which suggest that some of the antinutrients in Sphenostylis stenocarpa negatively affect the availability of the nutrients and minerals; however, the effects were reduced by processing.
Conclusion
Boiling and roasting reduced the antinutritional properties of Bambara groundnuts below the permissible limits. This suggests possible enhancement in quality and safety of the nuts with increasing boiling or roasting time. Although longer time was employed to process the nuts by boiling, it was more efficient in reducing the antinutrients content of Bambara groundnuts, implying that the antinutrients are more susceptible to moist heat than dry heat. The significant reduction of antinutrients during processing suggests that the nutritional components of Bambara groundnuts will be more bioavailable. This research work suggests that Bambara groundnut has tremendous potential in alleviating protein energy malnutrition in Africa, since it is nutritionally rich in carbohydrate and protein.
